Although recent studies show that human wellbeing on global and national scales is improving, it is important to monitor the regional progress of human wellbeing and Millennium Development Goals 
Background
Human wellbeing is the subset of economic (e.g. GDP, income) and social wellbeing (e.g. education, health) factors (OECD, 2013) and has been classified into five dimensions: health (e.g. child mortality), material (e.g. income), security (e.g. sanitation), freedom and social relations (MA, 2005) . Human wellbeing has been used to measure the progress of humanity such as the "health for all" goal set in 1990 and to design development strategies (McGillivray and Clarke, 2006) . However, monitoring of the Millennium Development Goals (MDGs) is still very challenging mainly because of the spatial heterogeneity of human wellbeing with respect to social norms and access to ecosystem services (MA, 2005) and also data unavailability in low and middle income countries (UN, 2014) . This difficulty in monitoring the MDGs is a major issue, as more than one billion people across the world are still living below the extreme poverty line set at $1.00 per day (McGillivray, 2006) . Despite many studies that show increasing trends of environmental degradation (e.g. Zhang et al. 2015; Dearing et al., 2014) , the global average of human wellbeing is improving (Raudsepp-Hearne et al. 2010) . Although ecosystem services make significant contributions (both direct and indirect) to security, basic materials and health for human wellbeing (Santos-Martın et al. 2013; MA, 2005) , the relationships between ecosystem services and human wellbeing are complex (Vidal-Abarca et al. 2014; Raudsepp-Hearne et al. 2010 ). In particular, while the more efficient use of provisioning services (e.g. crops, fish) has supported poverty alleviation and human development (Scherr, 2000; Irz et al. 2001; CRA, 2006; Santos-Martın et al. 2013) , the effects of declining regulating and supporting services on wellbeing may be nonlinear and long term (Balmford and Bond, 2005; Raudsepp-Hearne et al. 2010) . Besides the contribution of provisioning services to human wellbeing, government initiatives for education and health, technological progress, development and investments are some of the prime factors explaining the positive global trends of human wellbeing (Cervellati and Sunde, 2005) .
Risks of negative impact on human wellbeing due to environmental change are increasing at both the global (Rockström et al. 2009 ) and regional scale (Dearing et al. 2014 ). These studies show that humankind has already transgressed the safe operating space (point beyond which is dangerous to humanity) for some of the planetary boundaries such as climate change, biodiversity and water quality. However, there are no systematic analyses that consider the impact on social systems (i.e. human wellbeing) in terms of the capacity and resilience of societies in the face of changing environments (Raworth, 2012) . For this purpose, it is essential to develop an understanding of the dynamics of regional social and ecological systems, and their inter-relationship.
Bangladesh is one of the most densely populated countries of the world. It faces many challenges to meet the MGDs, specifically in alleviating poverty and providing education for all and access to health care. However, it has shown quite remarkable progress in achieving MGDs goals including a reduction of around 60% child and maternal mortality (Chowdhury et al. 2012 ) together with 2.5% poverty reduction per year (BBS, 2011; UNDP, 2014) . Beside these development issues, Bangladesh possesses a highly complex and challenging environment, encountering yearly natural disasters including floods, droughts and cyclone surges. Urbanization, increased salinity and risks associated with climate change are all likely to increase in future (ADB, 2005) . Due to this, quantification of the impacts on human wellbeing is important for regional sustainability in Bangladesh. Previous studies in Bangladesh have focused on analysing trends of environmental degradation (e.g. Hossain et al. 2015) and national progress of human wellbeing (e.g. Chowdhury et al. 2012) . Despite research showing that provisioning services are most influential for improving human wellbeing (Raudsepp-Hearne et al. 2010) , no studies have investigated the regional progress of MGDs and the income of people engaged in different occupations that are directly dependent on provisioning services as their income sources (e.g. farmers, fisherman, and shrimp farmers).
In this new study, we extend our previous work (Hossain et al. 2015) on trends in ecosystem services in south-west Bangladesh by reconstructing decadal changes in human development based on 13 human wellbeing indicators in households engaged in agriculture, fishery, forest resource collection and shrimp farming. Moreover, we have analysed new datasets such as Household Income and Expenditure Survey (HIES) and Demographic Health Survey (DHS) for observing and understanding the causes of recent trends of human wellbeing and policy implications for SDGs 2030 at regional scale. By quantifying the parallel changes in ecosystem services and human development, the study can serve as the basis for monitoring the process of rising wellbeing. Such analyses are a prerequisite for drawing together sufficient information and understanding of the socio-ecological system dynamics to enable the definition of a safe operating space for the region in the progress towards meeting the Sustainable Development Goals (SDGs) by 2030.
Methods

Study area
We have selected the south-west coastal part of Bangladesh as our study area (Figure 1 ). This area represents 16% of the total land (~ 25,000 km 2 ) of Bangladesh, with a population of 14 million (BBS, 2010) . This south-west coastal ecosystem produces more than 1300 million USD of Gross Domestic Product (GDP) (BBS, 2010) , contributing 277 USD GDP per person (Sarwar, 2010) . However, around 38% people of this region live below the poverty line (BBS, 2010) . HIES data indicate that livelihoods in this region are heavily dependent on agriculture (~40%), fisheries (~20%) and forestry (~25%). The world's largest mangrove ecosystem 'Sundarban' located in this region supports the livelihoods of around 1.5 million people directly, and 10 million people indirectly. In addition, the mangrove forest also protects around 10 million coastal people from storm surges (Islam, 2004) .
Selection of indicators
Human wellbeing is a subset of economic and social wellbeing factors (OECD, 2013) 1993, 1996, 2000, 2004, 2007 and 2010. Gross Domestic Product (GDP): GDP measures welfare through the aggregated indices of human and natural production (Boyd, 2004; Boyd and Banzhaf, 2007; Daw et al. 2011) . We Moreover, we have selected the percentage of people who completed primary school and the ratio of men and women achieving this level of education as the indicator for 'freedom of choice', together with the indicator 'access to mass media'. In this case, we have focused on women due to the data availability and an attempt to prioritize the women as per the MDGs.
Material condition
We did not select any indicators for 'good social relations' due to data unavailability.
We have also analysed mean crop output (all types) and production (per unit) cost for agriculture and shrimp farming at the household level. We have also calculated crop yield (kg/ha) by dividing total produced by cultivated area at the household level. These indicators are not only part of the sustainable agriculture under the dimension of 'material condition', but also can be used as the proxy of provisioning services (e.g. food, fish) production at a household level. These data allow us to analyse the relationship between human well-being and provisioning services. It is also worth investigating whether the rising trend of food provisioning services is also increasing the cost of production. Hence, we have calculated normalized production cost per hectare to compare the production cost over the time period and also to compare with the mean income per hectare and crop yield.
Data analyses
The HIES uses a two stage randomly selected sampling, through the integrated multipurpose sampling (IMS) scheme in which, firstly, primary sampling units (PSU) were selected across the country and secondly, households were selected randomly per PSU. The number of PSU and household samples selected for the surveys in the HIES was 371 in the year 1995, 1000
in the year 2000, 7400 in the year 2005 and 12,240 in the year 2010. Moreover, surveys were conducted across the year to account for the seasonality (BBS, 1997; BBS 2011) . The survey datasets are representative at the national and divisional level for urban and rural sampling (Azam and Imai, 2009 ). However, this study considers samples of all households located in all nine districts using the similar approach of Mottaleb et al. (2013) and (Szabo et al. submitted) . In this approach, samples from the same nine districts are used to investigate the impacts of the natural disaster on household income and expenditure. Moreover, all these nine districts cover the whole Barisal division and 65% of the total Khulna division area.
Because the HIES and DHS datasets are only representative at national and divisional levels, we are only able to investigate the trends aggregated over the all nine districts in our study region from 1995 to 2010, not at individual district level.
In the case of the HIES, data are combined into one dataset by merging (e.g. one to one) using the unique household identification. The householders' information (e.g. sex, area) also linked with the newly created datasets and the merged datasets for the nine districts are used for analyses.
Household level crop production and the production cost were calculated from the individual level data. Descriptive statistics (e.g. mean, median, standard deviation) for the variables were then calculated using the statistical package STATA 13.
Results
Health
In 1993, the infant mortality ( Figure 2a 
Material condition
The total GDP (Figure 3a ) has increased from 74 million USD to 1,025 million USD in the show (Figure 3b) show that GDP from crops has seen the highest growth (>100 million USD), exceeding forestry and fisheries (~ 40-60 million USD) and shrimp production (~20-40 million USD). Table 2 shows the changes in household income for all three sectors (agriculture, fishing and non-ecosystem). Household mean yearly income from agriculture has decreased from ~64,000BDT in 1995 to ~54,000 BDT in 2010. The median income also declined from 45,000 BDT in 1995 to ~29,000 BDT in 2010. The median income per hectare (Table 3) declined 53 
Quality of life
The quality of life appears to have improved because of the improvement of access to electricity and sanitation, and high levels of access to improve drinking water (Figure 2c 
Freedom of choice and action
Overall access to primary education has improved from 23% to 47% in the period 1993-2010 (Figure 2f and 3h) . Moreover, significant progress has been made in increasing equitable education by reducing the difference between the percentages of people with access to education for male and female. In 2010, the gap between the percentage of male and female access to education is ~2.5%, whereas in 1993 the gap was ~12%. Even though the gap between male and female education has decreased substantially, the proportion of females having access to media (% of females reading newspaper weekly) has declined in the period 1993-2011 (Figure 3g ).
Discussion
Data unavailability was a major limitation of this study. For example, we could not construct yearly time series data for all the indicators as the datasets are collected every five years (e.g.
HIES). HIES and DHS datasets are only representative at national and divisional level, thus,
we are only able to investigate the trends aggregated over the all nine districts in our study region from 1995 to 2010, and not carry out analyses at the district level. In addition, HIES datasets do not cover the income of forest-dependent people and shrimp farmers. Thus, we had to depend on the GDP from the forest sector and literature sources for shrimp farm incomes. Despite these limitations, the findings serve as the basis for measuring the progress in achieving human wellbeing goals (e.g. MDGs, SDGs) and drawing out policy implications for the region.
Human wellbeing trends
The study provides evidence that human wellbeing could be improving in the south west coastal region of Bangladesh. However, this may not reflect the subjective wellbeing (e.g.
happiness, life satisfaction) because we could not analyse the subjective wellbeing indicators due to data unavailability. The quality of life in terms of access to improved sanitation facilities and electricity connection has improved, although access to improved drinking water sources has remained not changed significantly since 1995. About 75% of tube wells were tested for the presence of arsenic, in which 5% of tube wells are contaminated by arsenic. However, this restricted analysis of drinking water quality in terms of metal toxicity needs to be extended to other properties of water relevant to health (e.g. salinity) which may be worsening (Hossain et al. 2015) but are not covered in the HIES datasets. Nevertheless, general health has improved since the 1990s, in particularly, with respect to infant and child mortality that have declined 50% and 75% respectively in less than two decades. Freedom of choice and action have improved mainly because of the improvement (23%) in both male and female education, whereas access to media (percentage of women who read newspapers weekly) has declined 2% over the period 1993 to 2010.
Incomes (median) from fishery and non-ecosystem based livelihoods have increased 76% and 8% respectively. The mean income from fisheries is higher than national and other regional average incomes (Kabir et al. 2012 ). Non-ecosystem-based average income is similar to the national average income for sectors (BBS, 2011) . However, both income (median) and income (median) per hectare from agriculture have decreased -18% and -2% respectively.
The rising trends of income and GDP seem to support the progress in eradicating poverty and improving human wellbeing because, overall, poverty has declined by 17% over 17 years.
The rising trend of material wellbeing (income and GDP) in the agriculture and fisheries sector are mainly because of the adoption of technology (e.g. high yielding rice varieties, irrigation and fertilizer inputs) and fish cultivation in ponds (Ali, 1995; Husain 2001) . Our previous findings (Hossain et al. 2013; Hossain et al. 2015) showed how wild fish catches in rivers have declined substantially in contrast to the rising trend of fish cultivation in ponds (FAO, 2014) .
All these improvements in human wellbeing are primarily the result of the poverty alleviation 
Provisioning services and material wellbeing
The proxy indicators of food provision services at a household level such as the mean crop have increased 16% between 1995 and 2010. Moreover, the evidence of increase (200%) in crop yield, despite a decrease (-29%) in mean cultivated area at household level suggests that people have intensified cultivation to cope with the growing need for food security. Farmers have adopted high yield varieties of crops (rice) which demand more fertilizer, pesticides and others input compared to the traditional local rice varieties (Hossain et al. 2015; Hossain et al. 2013; Ali 1995) . That is why, in response to the intensive cultivation, the production cost has also increased ~7 fold as crop yields have risen. Increase in production cost and the lack of fair pricing (Hossain et al. 2013; IFPRI, 2013) (Figure 3f ) suggest that crop production at household level is positively related to poverty alleviation, which is also linked with total rice production in the region (Hossain et al. 2015) . The contribution of provisioning services in improving human wellbeing at region scale is also evident from national (Hossain et al. 2007 ) and global studies (Raudsepp-Hearne et al. 2010) . Despite showing the links between crop production and poverty alleviation there are several reasons to be cautious.
First, the recent HIES survey reports (2010) estimated that ~22% of the total poor households are engaged in agriculture, forestry and fisheries. Indeed, the data for average income from agriculture and for the poverty lower threshold line (monthly ~5,600 BDT per household)
suggests that farmers are more likely to belong to the poor income level of the society, whereas fishermen and non-ecosystem-based people are more likely to be above the lower poverty line. Therefore, it would be useful to document the changing percentage of households living below the poverty line within different occupations, especially in the south west coastal part of the study area which is the second poorest region (just above the Rangpur division).
Second, the apparent link between poverty and crop production suggests that poverty could increase because of the increasing trends of environmental threats, like salinity and flooding (Ali, 1995; ADB, 2005; Hossain et al. 2015) that are more likely to affect disproportionately the crop production in south west coastal Bangladesh. In addition, increased fertilizer usage is also raising the nutrient loads to rivers through runoff (Hossain et al. 2015 ) that may affect the sustainability of fish production in future. This will not only increase the poverty in agricultural sectors but will also raise the threat of food security problems across the whole densely populated delta area. As Raudsepp-Hearne et al. (2010) have argued, despite the generally observed rise in provisioning services and poverty alleviation, the growing losses of regulating and supporting may be eventually be expected to feedback negatively on essential provisioning services, and in turn human wellbeing.
Third, besides the environmental threats, there is a risk of an increase in income poverty because of the increase in production costs, which are rising faster than crop production.
Rising trends of fertilizer input to improve production in agriculture was evident in previous studies (Ali, 1995; Husain, 2001; Hossain et al. 2015) but costs may make fertilizer applications prohibitively expensive.
Fourth, in the case of shrimp farming, despite an increasing trend of total GDP from shrimp production the sector can produce other consequences, such as an increase in poverty and environmental pollution. The salinity increase due to shrimp farming reduces crop production and creates unemployment for farmers because of the low labour demand in shrimp farming compared to crop production (Swapan and Gavin 2010) . All these indicate the potential of human capital investment to improve the wellbeing of the population in response to environmental changes in the study area. Table 4 provides an assessment of the progress in achieving MDG goals at national and regional scales. The south-west coastal area has shown (Table 4) 
Achievements of MDG goals
Moving beyond MDGs
This study suggests that achieving some of the SDG goals by 2030 is achievable while others will remain challenging. Our results suggest that reaching the goals for a healthy life for all (Goal 3: child and infant mortality) and sustainable use of water and sanitation for all (Goal 6: sanitation and safe drinking water source) appear to be achievable in this region by 2030.
Great emphasis has been placed on reducing discrepancies within countries (Goal 10). In this study, with respect to reducing child and infant mortality generally and, specifically, to ensuring improved sanitation and births attended by skilled personnel, south west coastal Bangladesh is developing well compared to the nation as a whole.
On the more challenging side, quality education (Goal 4) needs to receive higher attention as half of the households are still without primary education attainment. The proposed SDGs also recommends the promotion of sustainable agriculture (Goal 2) by increasing productivity and farm incomes (Goal 2.3). These goals will be quite challenging to achieve by 2030 as the analysis shows that despite an increasing trend of mean crop production (16%) and crop yield (kg/ha) (192%) at household level, median income per hectare from agriculture production has already decreased -2% between 2000 and 2010. Evidence of production cost increases from this study (also from Ali, 1995; Husain, 2001) , as well as claims that farmers suffer from the lack of fair pricing (Hossain et al. 2013; IFPRI, 2013) suggest that poor regulation of commodity markets and weak agricultural investment needs to be reversed. Without these reforms, farmers may become demotivated with serious consequences for production, such as a reduction in jute production (Hossain et al. 2015) and for personal health (e.g. rising suicides among Indian farmers) (BBC, 2013; BBC 2015) .
Although there has been significant poverty alleviation in this region, it is unlikely that it will achieve the SDG Goal 1 of poverty elimination in MDGs by 2015. Moreover, going beyond MDGs, towards achieving SDGs by 2030, may be even more challenging. Declining or stationary crop production coupled with ongoing environmental degradation (e.g. salinity rise, water scarcity) and projected climate change may impact negatively on incomes. This underlines the need to establish sustainable agriculture as the basis for poverty alleviation.
Conclusions
 Since the 1990s, child mortality and infant mortality have declined 50% and 75% respectively in the south-west coastal area of Bangladesh. Moreover, the number of births attended by trained personnel also increased (28%) from 1993 to 2011.  Over this period, poverty has been reduced by an impressive 17%, a figure that is closely linked with crop production at the household level and total rice production over the region. However, associated production costs have increased 7-fold in response to the changing nature of farming aimed at raising crop yields to meet the growing demand for regional food security.
 Despite showing improving trends in all these human wellbeing indicators, including education for men and women, the region has only achieved the MDGs target for 2015 for child and maternal health. It has failed to meet several important targets (e.g. poverty alleviation, education, and sanitation) by 2015.
 Achieving the SDGs by 2030 will be highly challenging because of a) the increasing likelihood of environment threats and ecological feedbacks affecting agricultural and fishing incomes, and water availability; and b) the need to raise production levels through financial investment in poor households already constrained by high production costs.
 The study demonstrates the importance of detailed monitoring of human wellbeing trends at regional scales to support policy-making. Achieving the SDG targets by 2030 will require new policies and their implementation with continued monitoring of livelihoods as an essential element in monitoring progress. The study also provides the basis for ongoing attempts to define and model safe operating spaces (Dearing et al 2014) as the basis of determining sustainable land use within the region. 
